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EXCITATION OF HEXADECAPOLE TRANSITIONS IN 196pt VIA ELECTRON SCATTERING 
AND THEIR INTERPRETATION IN THE INTERACTING BOSON APPROXIMATION 
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Form factors of transitions to three/~r = 4 + states in 1 ?6pt ' obtained from electron scattering, are analyzed in the 
framework of the interacting boson approximation. Structure functions differ strongly from liq.uid drop model predictions 
and provide an indication for the need of including the g-boson in IBA. 
The interacting boson approximation (IBA) has 
been quite successful in describing level schemes and 
transition rates between collective states of even- 
even nuclei. Since the radial degree of freedom is 
absent in themodel, only transition rates at the pho- 
ton point (q -+ 0) can be obtained. A natural and ele- 
gant way to extend the model to a treatment of finite 
momentum transfer has been proposed by Dieperink 
et al. [1]. The method consists of  the introduction of 
an explicit dependence on radius in the structure 
functions of  the transition operators. In IBA-1, where 
proton and neutron degrees of  freedom are not din- 
tinguished, the E2 and E4 operators are expressed as 
[2] 
~6(2)(r) = a(2)(r)(dt ~'+ st'~)(2) 
+ #2)(r)(dt X ~')(2), 
/5(4)(r) =/3(4)(r)(d t X 7)  (4) • (1) 
In the extension to IBA-2, proton and neutron 
bosom are treated as distinguishable entities and the 
operators are given for each multipolarity X, in obvi- 
ous notation, by 
#X)(r) = ~x)(r) + ~X)(r). (2) 
I Present address: University of Pennsylvania, Physics Depart- 
ment, Philadelphia, PA 19104, USA. 
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From the form factors measured in electron scat- 
tering transition densities are obtained via a Fourier- 
Bessel analysis. These are linear combinations of the 
structure functions uch as appear in eq. (1), their 
coefficients being the matrix elements of the boson 
operators. The latter can be calculated, once a para- 
metrization of the hamiltonian has been adopted. The 
extent o which they can vary within the range of ac- 
ceptance parametrizations is a topic that needs fur- 
ther investigation but falls outside the scope of this 
work. In the present work they are treated as known 
constants in the analysis. Thus, if one measures, for 
a given multipolarity, as many form factors of dif- 
ferent transitions as there are structure functions, 
these functions may be determined separately. Cases 
where one observes a redundant number of  transi- 
tions allow for a consistency check. Investigations 
along this line have so far been made only in an IBA-1 
formulation for quadrupole transitions in the nuclei 
15°Nd [1], 154Gd [3] and l lOpd [4]. It was found 
that the structure function a(2)(r) has a surface 
peaked shape resembling the first derivative of a 
charge distribution, while/3(2)(r) looks more fike a 
second derivative. This is precisely the result that one 
obtains from the liquid drop model (LDM) with only 
quadrupole deformation [5], by identifying naively 
the d-boson with the quadrupole phonon and retain- 
ing only phonon-number conserving terms in a second 
0370-2693/85/$ 03.30 © Elsevier Science Publishers B.V. 
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order Taylor expansion of the deformed ensity dis- 
tribution. Upon the same grounds one expects also 
the structure function of  the hexadecapole operator 
[dt X ~] (4) [eq. (1)] to be of  the second derivative 
type. A dynamic hexadecapole d formation of the 
density distribution giving rise in the LDM to a first 
derivative shape would in the IBA find its analogon in 
the g-boson. Although an indication for g-bosons has 
been obtained from E4 strength distributions observ- 
ed in inelastic proton scattering [6], the poss~il ity to 
obtain transition densities from electron scattering 
may help to resolve the long standing debate on 
whether or not the g-boson is needed in IBA. 
In this letter we present electron scattering data on 
196pt ' which nucleus has been proposed as a good ex- 
ample of the 0(6) limit of IBA. Form factors of  hexa- 
decapole transitions are analyzed in the above de- 
scribed framework, considering both the IBA-1 and 
IBA-2 formulations. 
Data were taken with the QDD spectrometer at 
NIKHEF-K at 31 angle-energy combinations, cover- 
ing a range in momentum transfer ofqef f  from 0.36 
to 2.43 fm -1 . A selfsupporting 196pt target, with a 
thickness of 7.8 mg/cm 2 was used. The system was 
operated in the dispersion matching mode. A resolu- 
tion of typically 7 X 10 -5  was achieved. Details on 
the accelerator, the beam handling system and the 
spectrometer with its associated detector equipment 
are described in ref. [7]. We observe three pr = 4 + 
states, at E x = 0.877, 1.293 and 1.887 MeV. The de- 
duced transition densities of  the three states are 
shown in fig. 1. From these the B(E4) values for the 
transitions to the states at E x = 0.877, 1.293 and 
1.887 MeV are determined to be 2.4(5), 2.0(4) and 
4.4(1.3) in units of 106 e2fm 8, respectively. Deason 
et al. [8] have tentatively assigned 1 ~ = 4 + to states 
at E x = 2.008 and 2.28 MeV. The peaks observed at 
these energies in our experiments are composite. On 
the basis of their form factors we cannot confirm or 
disconfirm the above assignment. Recently, Schiiler 
et al. [9] have, via a (d, pnT) study, observed a state 
at E x = 1.537 MeV that might be interpreted as the 
4~ 0" = 4) state of lBA-1.  We did not identify this 
state in our experiment. 
• Fig. 1. Experimental transition densities for the I rr= 4 + 
states at E x = 0.877, 1.293 and 1.887 MeV. The choice of 
the sign is arbitrary. 
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In IBA-1 the hexadecapole operator has only one 
structure function and is is predicted that in electron 
scattering only the 41 - state is excited, while the 
strengths to all higher 4 + state vanish. This observa- 
tion is made for all parametrizations appropriate for 
the 0(6) limit, like e.g. given by Casten et al. [10]. 
The fact that also the next higher 4 + states, which 
are contained in the model, are found to be excited 
invalidates this description. Here, we investigate a 
description in IBA-2, where one has two structure 
functions. Such a parametrization f the platinum 
isotopes has been given by Bijker et al. [11]. Using 
their results one obtains the boson matrix elements, 
given in table 1. We determined the two structure 
functions from the transition densities of the states 
at E x = 0.877 and 1.293 MeV which correspond to 
the 4~ and 4~ model states. The signs of these tran- 
sition densities are unknown. There are therefore two 
solutions. The first, to which we shall refer as solu- 
tion 1, corresponds to choosing the signs equal where- 
as the second solution (solution 2) arises for opposite 
signs. The structure functions found for both solu- 
tions are shown in fig. 2. For solution 1 they are very 
close in shape and magnitude but of opposite sign and 
both have a surface-peaked shape. The proton struc- 
ture function peaks slightly more outward than that 
of the neutron. For the second solution the peak 
height of the proton function is about three times 
larger than that of the neutron function and also of 
opposite sign. The shapes are less similar here than for 
the first solution, but again both have a surface 
peaked shape. 
The effective charges pertinent o the photon- 
point expression of the E4 operator are found from 
the relation 
e(4) a(4) _ f/3(4) (r~r 6 dr ~,(Tr)~'vOr) - J vOr) J 
Table 1 
The I BA-2 matrix elements for 4 + states in 196 Pt, in the pa- 
rametrization of ref. [11 ]. 
state ffll[d+X ~l~)llO) ffll[d+X ~'](4)II0) 
42 -0.8808 -0.6522 
4~ 0.2364 0.4231 
4~ 0.1076 -0.0176 
4~ -0.0542 0.2805 
giving the result e(u4)/3 (4 ) :  -0.243(18) X 104 fin 4 
and e(4)/3 (4) = 0.247(20)× 104 fm 4 for solution 1 
and e (4)/3!?) = -0.040(18) X 104 fm 4 and en(4 )/3(4) = 
0.134(25) X 10 4 fm 4 for solution 2. These structure 
functions can then be used to calculate the form fac- 
tors of the third and fourth model states. In fig. 3 
these predictions are compared with the experimental 
form factor of the observed I ~ = 4 + state at E x = 
1.887 MeV. For the first solution the B(E4) values 
are predicted to be 0.84(13) × 106 and 6.10(10) × 
106 e 2 fm 8 for the 45 and 4~ model states, respec- 
tively, and for the second solution the predicted val- 
ues are 0.04(13) X 106 and 1.40(10) X 106 e 2 fm 8. 
Qualitative agreement may be claimed only if the 
E x = 1.887 state is identified with the 4~ model 
state irrespective of which solution is adopted. It 
would mean that the third state has escaped identi- 
fication because of its much smaller cross section. 
Success or failure of such interpretation hinges cru- 
cially on the existence or nonexistence of a third 
pr = 4 + state around E x = 1.6 MeV. In this light a 
confirmation or rejection of the tentative 4+ assign- 
ment to the newly found state at E x = 1.537 MeV by 
Sch01er et al. [9] becomes urgent. 
The transition densities of  the three 4 + states are 
all of the surface peaked type resembling a first deriv- 
ative of the charge distribution. This is in sharp con- 
trast with what would be expected from the liquid 
drop model with both static and dynamic deforma- 
tion of quadrupole nature only. As an example we 
show in fig. 4 transition densities for transitions to 
the 1 ~ = 4 + states of the ground state-, beta- and 
gamma-bands calculated for a statically deformed 
mass distribution with/3 = 0.12, upon which dynam- 
ical quadrupole oscillations are superimposed. As 
pointed out above the transition densities arise from 
the second-order term in the Taylor expansion of the 
charge distribution, which leads to a second-derivative 
type of radial dependence. This was experimentally 
confirmed to be the case for quadrupole transitions 
in 150Nd [1]. For hexadecapole transitions in vibra- 
tional nuclei in the Mo-Pd region, Cereda et al. [12] 
found that second derivatives reproduce proton 
scattering data better than first derivatives. On the 
other hand a dynamical hexadecapole deformation 
gives rise to a first-derivative type of transition density 
and in IBA this would be associated with a g-boson. 
In summary, the observed transition densities for 
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Fig. 2. Neutron and proton structure functions, derived from the transition densities of the E x = 0.877 and 1.293 MeV states. 
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hexadecapole transitions in 196pt seem to indicate 
the need for the inclusion of a g-boson in IBA. This 
conclusion hinges on the extent o which the IBA 
multipole operator terms, quadratic in the d-boson, 
may be identified with those that in the LDM model 
are quadratic in the quadrupole phonon. This point 
needs further careful investigation. In spite of the 
similarity in the algebraic structure of the multipole 
operators the microscopic interpretations of the d- 
boson and the quadrupole phonon are quite different. 
The former describes a collective pair of particles 
(holes), while the latter is interpreted as a collective 
4 Fig. 3. The experimental form factor of the state at 1.887 
MeV, compared with the calculations for the 4~ and 4~ 
model states of IBA-2. The corresponding solutions are indi- 
cated by(l) or (2). The solid curve through the data resulting 
from the Fourier-Bessel analysis i  indicated by FB. 
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Fig. 4. Transition densities for the I~r = 4 + members of the 
g.s.-, beta- and gamma-bands calculated from the liquid drop 
model, with static deformation parameter # = 0.12. 
particle-hole excitation. It would be illuminating to 
start from a full shell model description, where the 
expressions for the multipole operators are known 
and study the effect on the transition densities of a 
truncation to L = 0 and 2 pairs. Conversely one could 
start from an IBA description and map back to the 
fermion space by employing the microscopic repre- 
sentations as given for example by Pittel et al. [13]. 
The proton- and neutron-structure functions, de- 
rived in this work are opposite in sign, suggesting 
that the hexadecapole operator would be purely iso- 
vector (solution 1) or at least predominantly isovector 
in character (solution 2). However, the 4 + states are 
excited by alpha scattering just as well [14] and the 
operator is rather expected to be purely isoscalar. 
This observation implies that in IBA-2 with s- and d- 
bosons only, these bosons cannot be considered as 
pairs of physical protons or neutrons. This unsatis- 
factory situation again indicates the need for the in- 
troduction of a g-boson. 
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